ABSTRACT. Single-year and decadal radiocarbon tree-ring ages are tabulated and discussed in terms of 14C age calibration. The single-year data form the basis of a detailed 14C age calibration curve for the cal AD 1510-1954 interval ("cal" denotes calibrated). The Seattle decadal data set (back to 11,617 cal BP, with 0 BP = AD 1950) is a component of the integrated decadal INTCAL9814C age curve (Stuiver et al. 1998). Atmospheric 14C ages can be transformed into 14C ages of the global ocean using a carbon reservoir model. INTCAL98 14C ages, used for these calculations, yield global ocean 14C ages differing slightly from previously published ones (Stuiver and Braziunas 1993b). We include discussions of offsets, error multipliers, regional 14C age differences and marine 14C age response to oceanic and atmospheric forcing.
INTRODUCTION
Radiocarbon ages of dendrochronologically dated wood samples, mostly 10-yr segments, were previously reported for the interval 6000 cal BC-cal AD 1950. These 14C measurements have now been extended back to 9668 cal BC. We also applied some minor corrections to a portion of the 14C ages reported for decadal samples (Stuiver and Becker 1993) , multiple-year samples (Stuiver and Reimer 1993) and single-year samples (Stuiver 1993; Stuiver and Braziunas 1993a After studying ring thickness patterns of individual tree sections, the Hohenheim group rejected the earlier absolute dating (relative to the master chronology) of some of these sections (e.g., where beetle-induced damage was evident). Our previously measured 14C ages of the rejected sections had to be withdrawn. Replacement wood will be used for new measurements, but in the meantime Seattle 14C ages are missing for midpoints , and 8827-8757 cal BC. An additional gap due to a 41-yr shift in the master chronology concerns the midpoints 5256-5215 cal BC. In some instances we did not receive wood (sections 6166-6053, 6386-6356,7316-7206,7996-7886,9057-9027, .
OFFSETS, "ERROR MULTIPLIER" AND RADON CORRECTION
The most recent Seattle (S), Belfast (B) and Heidelberg (H) results are reported in this issue. Belfast results, adjusted for the shifts in German oak chronology (McCormac, personal communication) are based on Pearson and Qua (1993) and Pearson, Becker and Qua (1993) . Pretoria/Groningen (PIG) results were reported previously (Vogel and van der Plicht 1993) . Average offsets between the 14C ages of the different laboratories are relatively small for the complete date sets, with S -B = -13 ± 1 yr (n = 866), 5-H = -25 ± 2 yr (n = 230) and S -P/G = -17 ± 2 yr (n =194). The ± equals one standard deviation (6) and n is the number of comparisons. Offsets for millennia are given in Table 3.   TABLE 3 . Average and millennia offsets (in 14C yr) between Seattle (S), Belfast (B), Heidelberg (H) and Pretoria/Groningen (PIG). c is the predicted average standard deviation in 14C age differences. The variance beyond c 1is represented by 6E (see text). Comparisons are based on decadal samples (see Stuiver et al. 1998 Age AD/BC For Seattle (S) we usually report a c derived from the near-Gaussian counting statistics of the accumulated number of counts for the sample and standards. Additional information on the c in the 14C age is derived from the reproducibility of 14C age determinations in the Seattle laboratory, and interlaboratory comparisons that provide information on the sum total of uncertainty tied to the processes of wood allocation, dendro-age determination, sample pretreatment, laboratory 14C determination,
S-B S-H S-P/G S-B S-H S-(P/G)
The reported age error can be used to predict the statistical variance in 14C age differences when results of two laboratories are available for samples with the same cal age. The 14C age differences of samples of identical cal age yield an offset (the average of the differences) and a (scatter) standard deviation 62. The 62 is compared to the standard deviation c1 predicted from the 14C age errors reported by both laboratories. The increase in variance (excess variance) 6E is derived from E2 = a22 -612. The ratio 62/61 yields the "error multiplier" k (Stuiver 1982).
The above statistical considerations are valid for comparisons of 14C determinations of identical samples. However, the samples to be compared here are rarely fully identical in that the time over which the sample is averaged (e.g., 10-yr vs. 3-yr samples) differs. Furthermore, the differences in cal age (time-midpoints) of the samples is usually variable. Different selection criteria (e.g., should two samples be compared if one is a 20-yr and the other a 3-yr sample, and the difference in midpoints is 10 yr?) yield different 6E (and k) estimates. Given these uncertainties, the following 6E calculations (based on decadal sample files; see the INTCAL98 calibration (Stuiver et al. 1998) for the construction of the decades) are "order of magnitude" only. The 19th century reservoir age Rg(t) (t = time) of the global ocean, relative to the atmosphere, is usually estimated at 40014C yr (its value prior to the industrial effect, or ca. AD 1850). Marine reservoir age Rg(t) varies over time as a result of geomagnetic and solar-related changes in 14C production rates. Rg(t) calculations suggests changes on the order of ±10014C yr for solar-mediated production rate change (Stuiver, Pearson and Braziunas 1986: Fig. 9A; Bard 1988 the observed atmospheric record the model uses 1) the observed 14C record from tree-rings; 2) a set of simple fixed parameters for ocean circulation, air-sea exchange, and atmosphere/terrestrial biosphere CO2 fluxes; 3) a reservoir age Rg(AD 1850) = 40014C yr; and 4) '4C information derived from corals to fix the initial 14C level at the start of the Holocene. Model parameterization is discussed in Stuiver and Braziunas (1993b: 140) .
Ocean circulation may also have affected the 14C partitioning between atmosphere and global ocean, resulting in Rg(t) change. Our Rg(t) model response to oceanic, or production rate, forcing is depicted in Figure 3A . Starting with an approximately 200-yr-long plateau (9100-8900 cal BC) in atmospheric 14C ages (dashed curve, constructed from a 200-yr moving average) we find substantial oceanic plateau smoothing ("surface ocean -1" in Fig. 3A ) for atmospheric forcing. However, when the ocean forces the atmosphere, both have similar plateau lengths ("surface ocean -2" in Fig. 3A ).
Thus the presence or absence of 14C age plateaus in marine sediment chronologies can be tied to the causative factors responsible for atmospheric 14C change. A. Smoothed (200-yr moving average) '4C age profiles for the atmosphere and surface ocean. Curve 1 was calculated from a carbon reservoir model assuming atmospheric 14C production rate change to be responsible for the observed atmospheric 14C change; curve 2 was calculated with ocean circulation change as the causal agent. B. Reservoir ages of the model ocean (mixed layer) for 14C age plateaus generated by production rate change (curve 1) or oceanic circulation change (curve 2).
Surface ocean reservoir ages differ substantially between scenarios based on production rate vs. oceanic circulation (Fig. 3B ). Production-related atmospheric 14C supply to the surface ocean results in concurrent fluxes to the deep ocean, whereas the atmosphere, when forced by the ocean, does not sustain such major losses to other reservoirs. As a result, the change in reservoir age is larger for the production rate scenario. Reservoir age perturbations also are opposite in sign because the ocean lags the atmosphere for the production-rate scenario, whereas the atmosphere lags the ocean for a postulated oceanic increase. (Bard et al. 1998; Burr et al. 1998; Edwards et al. 1993; Stuiver et a1.1998: Fig. 2 Goodfriend and Flessa (1997) , Heier-Nielsen et al. (1995) , Higham and Hogg (1995) , Ingram (1998), Ingram and Southon (1997) , Kennett et al. (1997) , Little (1993) and Southon, Rodman and True (1995) .
Because the INTCAL98 tree-ring data for the 7000-0 cal BP interval are nearly identical to the data used previously, the 1993 marine calibration curves are still applicable (Stuiver and Braziunas 1993: Figs. 17A-N) . Figure 4 compares the marine 14C ages calculated from the INTCAL98 tree-ring record to those measured for INTCAL 98 corals (Bard et al. 1998; Burr et al. 1998 ; Edwards et al.
)
There is evidence for a marine 14C reservoir deficiency change from 400 to 500 14C yr over the 12,000-10,000 cal BP interval (Stuiver et al. 1998 : Fig. 2 ). This change, tied to ocean circulation change, is not simulated in the carbon reservoir model, where the ocean circulation parameters are fixed. This lack of ocean circulation change may have resulted in the slightly younger model-calculated 14C ages of the 12,000-10,000 cal BP interval (Fig. 4) . Stuiver and Polach (1977) . No error multiplier has been included in the standard deviations. 
